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THAT the proper use of terms is
essential to mutual understand-
ing among scientists is too patent
to require argument. Many of

the disputations that have occupied
the time of investigators have arisen
through the use of the same term in a
different sense or of misleading expres-
sions in referring to commonly recog-
nized phenomena. The literature of
genetics, like that of other developing
sciences, has not been free from the
confusion arising from misuse of terms.
In the interest of common progress
the authors feel that the time has arrived
to call attention to one misleading
expression which has come into rather
general use, especially among horti-
culturists. We refer to the use of the
term, segregation, in designating somatic
phenomena. This term in Mendelian
inheritance means the distribution of
allelomorphic factors among the gametes
formed by a hybrid organism, half of
the gametes receiving one and half the
other member of each allelomorphic
pair. The mechanism by which this
segregation is accomplished is the sepa-
ration of whole chromosomes in the
heterotypic mitosis (meiosis) during
the maturation of the germ cells.
Unfortunately the term has also been
used in referring to the result of the
recombinations of allelomorphs in hybrid
progeny and this looseness probably
has led to the wider departure from the
strict meaning of the term mentioned

above. Some writers as, for example,
Kraus1 in his recent paper on somatic
segregation, appear to use the terms
segregation and mutation rather loosely.
Thus, according to Kraus, "vegetative
variations are first of all of two distinct
sorts—modifications or fluctuations,
which do not remain true when propa-
gated and subjected to varying condi-
tions, and segregations or mutations
which may be propagated and expected
to remain reasonably constant under a
wide range of conditions." It is perhaps
hardly necessary to point out that
modifications and fluctuations are no
more truly synonymous than are segre-
gations and mutations, since some
fluctuations are attributable to other
causes than environmental effects.

BATESON'S SUGGESTION

Bateson* first suggested the possi-
bility that segregation might sometimes
occur during somatic mitosis. But
although cytologists have demonstrated
several irregularities in chromosome
behavior during meiosis (when homol-
ogous chromosomes normally become
dissociated and distributed to different
gametes) there is no evidence that
chromosome irregularities occur during
ordinary cell divisions in embryonic or
meristematic tissues, where it would be
necessary for segregation to occur in
order to produce profound somatic
changes. It is conceivable, of course,
that the division by longitudinal split-

1 Kraus, E. J. Somatic Segregation. JOURNAL OF HEREDITY, VII, 1, 1916.
1 Bateson, W. Mendel's Principles of Heredity, 1909, pp. 272-3.
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ting might occasionally deviate from
the regular method by which each
chromosome is exactly halved, but
the observations of many investigators
indicate that mitosis in undifferentiated
tissues certainly proceeds with remark-
able precision and regularity. Never-
theless, the idea of "somatic segrega-
tion" has become fixed in many minds;
so much so, indeed, as to make it
apparently the most convenient term
with which to "explain" many varia-
tions, especially in plants. Even true
vegetative mutations resulting in chi-
meras and bud sports have been attrib-
uted to "somatic segregation," Bateson2

having originally proposed this explana-
tion of the production of nectarines on
peach trees. This hypothesis assumes
that the smooth skin of the nectarine is
due to the loss of a unit character
possessed by the peach. But on this
basis, Bateson was unable to explain the
reported production of peaches by a
nectarine tree. How could a unit
character once lost be recovered again?
Clearly the only rational explanation of
these phenomena will be expressed in
terms of reversible chemical changes in
genetic factors. Based on this concep-
tion of germinal variations it appears
that somatic mutations, like germinal
mutations, are caused by alterations in
specific factors which occur without the
intervention of any known irregularity in
chromosome behavior. As examples from
the abundant evidence in favor of this
view, the researches of Morgan and his
associates3 on the pomace fly, Drosophila
ampelophila, have demonstrated that
germinal mutations are due to specific
factor changes, and Emerson* in his
study of the inheritance of variegation
in maize has shown that bud mutations
also, must be due to alterations in spe-
cific factors.

Hence, those who accept the chromo-

some and factorial hypotheses of hered-
ity find it unnecessary to resort to the
conception of "somatic segregation" in
order to explain bud sports and chimeras.
In fact the employment of this expres-
sion seems to be actually misleading.
Besides, there is a tendency to resort
to this conception in attempting to
explain other variations in individual
plants which can be more reasonably
accounted for on some other basis. A
case in point is the occurrence of
deciduous and persistent calyx lobes
in pome fruits.

AN ILLUSTRATIVE CASE

Tufts6 examined 5,496 fruits from
a single tree of Le Conte pear and
56 fruits from a tree of Transcendant
crab and noted whether the calyx lobes
were deciduous or persistent. In the
case of the pear it was found that 3,780
fruits had all the calyx lobes deciduous
while 1,616 had one or more lobes
persistent. Of the crab fruits, 32 had
all calyx lobes deciduous and 24 had
one or more lobes persistent. We shall
consider in detail only the data from
the pear. The 1,616 fruits were classi-
fied according to the number of persis-
tent lobes present as follows: 5 P (i. e.,
with 5 persistent lobes)—773; 4 P—116;
3 P—200; 2 P—289; 1 P—238.

Without considering the significance
of the ratio of 3,780 fruits having all
lobes deciduous to 1,616 fruits having
one or more persistent, Tufts reduced
his data on the basis that each of the
five carpels found in every normal pear,
with its corresponding calyx lobe, is an
"individual." Thus the 238 fruits hav-
ing one persistent lobe were taken as
5. x 238 or 1,190 individuals, 238
of which had persistent lobes and
4 x 238 or 952 had deciduous lobes.
By this method he derived the fre-
quencies 21,235 deciduous to 5,745

'Morgan, T. H., Sturtevant, A. H., Midler, H. J., and Bridges, C. B. The Mechanism of
Mendelian Heredity, 1915.4 Emerson, R. A. The Possible Origin of Mutations in Somatic Cells. Amer.Nal.4T. 1913.

The Inheritance of a Recurring Somatic Variation in Variegated Ears of Maize. Amer.
Nat. 48 and Nebraska Agr. Exp. Sta. Research Bull. 4. 1914.

Anomalous Endosperm Development in Maize and the Problem of Bud Sports. Zeits. f.
ind. Abstam. u. Vererb. XIV, 5. 1915.

8 Tufts, W. P. An Inquiry into the Nature of a Somatic Segregation of Characters in the
Le Conte Pear. Oregon Agr. Exp. Sta. Bull. 123. 1914.
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CALYX LOBES UNDER THE MICROSCOPE

The above photomicrographs show longitudinal sections of calyx lobes and the
adjacent ovary wall, magnified from 20 to 30 diameters. (1) Section of a persis-
tent lobe showing secondary thickening of base of lobe, secondary growth in
parenchyma near its base and the triangular cross-section of a zone of small
cells. (2) Ovary wall showing zone of small cells (b) and remnant of stamen
filament (a). (3) A persistent lobe. (4) The same lobe showing partial ex-
foliation. (Fig. 11.)
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persistent. This ratio was taken to be
3.7:1 which was considered a fairly
close approximation to the theoretical
Mendelian monohybrid ratio. This in-
correct statement of the frequency-ratio
makes the deviation from the ideal
appear much larger than it really is.
When calculated on the basis of fours,
the ratio of the relative frequencies is
3.15:0.85. But even when stated cor-
rectly, this ratio has a highly significant
deviation from the theoretical ratio in
view of the large number of individuals
examined. Had the ratio of the fre-
quencies of entire fruits (2.8:1.2) been
considered, the deviation would not
have been quite so serious. Yet even
here, the deviation is 12.5 times the
probable error, so that the odds against
such a deviation occurring where the
laws of simple sampling prevail, as they
do in normal Mendelian inheritance, are
approximately 1,155,000,000,000,000 to
1. Hence the observed frequencies are
hardly attributable to conditions pre-
vailing under the laws of simple samp-
ling. Therefore, if we attach any
significance whatever to the observed
ratios of persistent to deciduous lobes
we must infer that this case of appar-
ently alternative, discontinuous varia-
tion can be explained more reasonably
on some basis other than the existence
of a segregation-mechanism in somatic
cell division.

However, too much importance must
not be attached to even as decisive a
mathematical objection as the present
case affords. It must be remembered
that in hybrid progenies, wide deviations
sometimes occur in the observed fre-
quencies of characters which exhibit
clear cut alternative inheritance. For
example, Collins and Kempton9obtained
an average ratio in a series of crosses
between Chinese corn with waxy endo-
sperm and American varieties with
horny endosperm that displayed a
deviation from the expected ratio of
over nine times the probable error,
which might not occur oftener than
once in over a million times under the

conditions of simple sampling. Yet
the two characters are "definitely alter-
native, the seeds being either waxy or
horny, with no intermediates."

EXAMINATION OF NEW MATERIAL

The question then arises: What is the
real nature of these phenomena of
persistency and deciduousness of calyx
lobes in apples and pears? Can evi-
dence be found that will throw light on
the conditions which induce them?
Upon examining several fresh fruits
obtained in August, 1916, through the
courtesy of Prof. V. R. Gardner from
the trees of the Le Conte pear and
Transcendant crab that Tufts studied,
we have found that when separation of
calyx lobes takes place the method is
identical with that which occurs when
the stamens are loosened. The cells in
the basal portion of the calyx lobe fail
to grow as rapidly as the cells of the
subjacent tissue. In consequence, the
epidermis is ruptured near the base of
the lobe, peridermal activity super-
venes, the deeper tissues are gradual!y
transformed into corky tissue and the
lobe finally falls away. In other words,
exfoliation of the calyx lobes occurs
when two conditions are fulfilled, viz,
(a) when there is little or no secondary
thickening of the calyx lobes them-
selves and (b) when there is sufficient
secondary growth in the parenchyma
underneath the bases of the calyx lobes
and at right angles to their axes. In
the photomicrographs shown herewith,
the antithetical conditions are clearly-
shown. Fig. 11, 1 is a longitudinal sec-
tion through a persistent calyx lobe and
adjacent ovary wall of Transcendant
crab, showing secondary thickening
of the base of the lobe and a conspicuous
zone, triangular in cross-section, of
small cells which is nearer the bottom
of the basin than the points of insertion
of the stamens. In marked contrast
to this zone of small cells are the large
cells of the second growth parenchyma.
Fig. 11,2 shows the location of the base
of the filament of an exfoliated stamen

• Collins, G. N., and Kempton, J. H. Inheritance of Waxy Endosperm in Hybrids of Chinese
Maize. In IV Conf. Internal. Genetiquc, Paris, Compt. Rend, et Raps., 19It, p. 356.
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CALYX LOBES AND THEIR SURROUNDINGS (Fig. 12)

Base of Styles

at a in relation to the triangular zone
of small cells just below at b. Figs.
3 and 4 are two sections through the
same calyx lobe showing partial ex-
foliation.

It is desirable that a more thorough
histological examination be made of
more favorable material, i. e., of younger
fruits, taken preferably before the calyx
lobes begin to "shear off" as well as
later. But the evidence at hand is
sufficient to warrant the statement
that true abscission, either with or
without the formation of an abscission
layer, does not occur; and that exfolia-
tion of the calyx lobes is presumably a
continuous process, although apparently
discontinuous.

The process of exfoliation is illustrated
by the accompanying diagram. (Fig.
12.) The region of greatest growth and
consequent surface expansion extends
from below the stamens upward and
beyond the calyx lobes. If the second-

ary growth of the cells in a calyx lobe
is retarded it must suffer the same fate
as the stamens.

Partial or incomplete exfoliation is
probably more frequent than would at
first appear. In specimens of both
pears and crabs, dead stamens were still
adhering to the basin wall below the
persistent calyx lobes, and the tips of
these lobes are usually dead. Persist-
ence of a lobe appears to depend upon
the extent of secondary thickening of
its basal region.7 In the case of the lobe
shown in Fig. 11,3 and 4, exfoliation had
begun at one edge, but there was suffi-
cient secondary growth within to pre-
vent its complete separation from the
ovary wall. This indicates that the
process of exfoliation is really continuous
rather than discontinuous. It is prob-
able that with sufficient material all
stages of partial exfoliation would be
found in persistent lobes. However,
the matter of continuity or discontinuity

7 In a variety found on the market in Montreal, the pit was very shallow. On microscopic
examination it was found that there had occurred very little secondary growth, so that for the
most part the original epidermis had not been disrupted, except for a short distance below the
calyx. The triangular zone of small-celled tissue extended from the bases of the stamens quite
to the bottom of the pit. No case of exfoliation of the calyx lobes could be found. It is evident
that the accompanying diagram represents adequately only a condition of maximum superficial
growth.
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may not be of much significance in
this case, since continuous variation is a
normal feature of the expression of some
single genetic factors. Moreover, Jen-
nings,8 in his recent contribution on
heredity, variation and the results of
selection in Difflugia corona, reaches the
general conclusion that a single stock,
derived by fission from a single pro-
genitor, gradually differentiates into
hereditarily diverse stocks, so that by
selection marked results are produced.
In discussing his results, he points out
that while large steps do occur, "much
more frequent are very slight inherited
changes, not fully inherited, and giving
a slow alteration of the stock with the
passage of generations." Also that,
while an inherited variation does involve
a chemical change, "the question of
continuity or discontinuity in the nature
of hereditary variation is not one of
observed fact."

NECESSARY ASSUMPTIONS

With reference to the point at issue,
as to whether or not this may be con-
sidered a case of "somatic segregation,"
we find that certain fundamental as-
sumptions are implied by an affirmative
decision in the matter. Because some-
thing like a 3 to 1 ratio happens to be
found in the relative frequencies of
deciduous and persistent calyx lobes
on a certain tree, is this a good reason
for concluding that "somatic segrega-
tion" has taken place in that plant?
To reach such a conclusion from the
given premise, it is necessary to assume
three things: (1) The tree must be a
hybrid between two forms, one of
which was homozygous for a factor
for deciduous lobes, the other for per-
sistent lobes. (2) One of each of these
factors must be present normally in each
cell of the hybrid plant. (3) Since we
know that exfoliation of a calyx lobe is
conditioned by failure or retardation of
the secondary growth of the cells of the
lobe, we nmjst assume that in about
one-fourth of the lobes on this tree the
cells lack the dominant factor, and that

this abnormal distribution of factors
(and hence chromosomes) takes place
previous to the mitotic divisions which
occur during the development of the
lobes.

In regard to the first assumption.
Tufts points out that it is commonly
thought that the Le Conte pear is a
hybrid between Pyrus sinensis and
P. communis and we may grant the
assumption. However, it is interesting
to note that P. sinensis is described as
not entirely constant in its character
of having decidumts calyx lobes, while
according to Tufts' list of varieties about
30% of the seedlings of P. communis are
also inconstant as regards the character
of persistent calyx lobes. But inasmuch
as some unit characters are variable in
expression we may let the first, assump-
tion stand for the sake of argument.
The second assumption follows of
necessity, if we admit that the Le Conte
pear is a sexually produced hybrid.
It is in regard to the third assumption
that we must take issue. The general
regularity of the process of mitosis is
sufficient argument against it. While
an occasional aberration in chromosome
behavior might occur in somatic cell
divisions, the occurrence of thousands
of such irregularities in the same
individual, year after year, is hardly
conceivable.

Therefore we must reject "somatic
segregation" as an expression for the
designation of phenomena of this sort.
Whether a brief general expression can
be formulated which will truly represent
the facts in this particular case remains
to be seen. We may, at least, attempt
to state an explanation which is in
harmony with the facts of variation.

In the first place, it must be recog-
nized that variability is not necessarily
of genetic significance, particularly in
such variations as occur in the expression
of a character in a single individual.
Character expressions may be variable
in pure races and also in Fx hybrids
which are heterozygous for a single
allelomorphic pair. Examples of varia-

• Jennings, H. S. Heredity, Variation and the Results of Selection in the Uniparental Repro-
duction of Difflugia corona. Genetics, Vol. 1, No. 5, 1916.
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tion in the expression of a single genetic
factor are found in Antirrhinum and
Drosophila. In the former Baur9 dis-
covered a factor which in pure races
conditions the production on the same
stem of zygomorphic and peloric flowers.
Morgan1 has reported two factors in
the pomace fly, viz, for abnormal
abdomen and supernumerary legs, which
vary in their expression in direct relation
to certain elements in the environment.
Examples of variability in simple Fi
hybrids also occur in Drosophila. Mor-
gan3 describes a dominant mutant
character, bar eye, in which the normal,
roundish eye of the wild fly is replaced
by a narrow, bar-shaped organ. In the
heterozygous condition the shape varies
from almost round to nearly typical bar,
but the F2 ratios prove that bar eye is
conditioned by a single factor. Again
in Nicotiana tabacum there is a variety
calycina, which produces abnormal
flowers. When crossed with another
variety having normal flowers the great
majority of the flowers in Pi, according
to Clausen and Goodspeed,10 are normal,
but some abnormal ones occur and these
fill in a continuous series from the
normal type to flowers almost as
abnormal as calycina. None of these
variations in character expression is of
genetic significance.

EFFECT OF HYBRIDIZATION
But there is another aspect of

variation which may well be considered
with reference to the case in hand. It
is well known that complex hybridiza-
tion may sometimes increase the varia-
bility of characters in Fi individuals.
A single illustration must suffice. When
Nicotiana tabacum var. calycina is
crossed with N. sylvestris the FL plants
exhibit a much higher development of
the calycine character than appears in
Fi hybrids of calycina with other
tabacum varieties. Also all degrees of
the calycine character appear on the
same plant, from flowers having only
a very slight petaloid tendency in one
calyx lobe to those exhibiting the full
calycine character.

Now the deciduousness and persist-

ency of the calyx lobes in the Le Conte
pear and Transcendant crab might be
referable to either of the two aspects of
variation described above. The varia-
bility in the parents and the variability
in Fi individuals may be a normal fea-
ture of calyx lobe development. Hence
persistency and deciduousness of calyx
lobes are not necessarily to be considered
as absolute, alternative characters, as
Tufts assumed, since it is possible that
they are merely fortuitous variations in
degree of development.

On the other hand, pomologists
generally consider these varieties to be
interspecific hybrids. Moreover, in each
case one of the supposed parents is
known to have deciduous or mostly
deciduous lobes, and in the case of the
pear the other supposed parent is
characterized by persistent lobes. It
is not unlikely, then, that each parent
contributed one or more factors for its
characteristic condition of the calyx
lobes. But since these varieties are
complex hybrids it would be expected
that a somatic condition already vari-
able in the parents would exhibit even
greater variability in Fi offspring.
Other crabs of the Transcendant group
also exhibit great variability as to
adherence of the calyx lobes, as does
also the Kieffer pear, which is considered
to have the same hybrid origin as the
Le Conte. If the original crosses or
similar ones were repeated, quite differ-
ent ratios might be observed. If other
trees of these varieties should be
examined, wide variability in the ratios
might be found, although all the trees
of a given variety belong to the same
clone. The difference found would be
attributable to environmental effects,
including effect of stock on scion, or to
vegetative factor mutations, but not to
"somatic segregation." The authors
believe that increased variability due
to complex heterozygosis explains the
phenomena in question.

SUMMARY

1. The term "somatic segregation" is
considered to be misleading, it since

• Baur, E. Einfuhrung in die expenmentelle Vererbungslehre, 1914, p. 106.10 Clausen, R. E.T and Goodspeed, T. H. Hereditary Reaction-system Relations—An
Extension of Mendelian Concepts. Proc. Nat. Acad. Sci. 2, April, 1916, p. 240.
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implies a mechanism for segregation in
somatic mitosis.

2. Bud sports and chimeras are
attributable to somatic mutations.
These, like germinal mutations, are
caused by specific factor changes which
occur without any known irregularity
in chromosome behavior.

3. In the case of deciduous and
persistent calyx lobes in the Le Conte
pear and Transcendant crab it is shown:

(a) That exfoliation of a calyx lobe is
conditioned by failure or retardation of
the secondary thickening of the lobe.

(b) That to assume "somatic segrega-
tion" in the case of nearly one-fourth
of the calyx lobes on a tree is impossible
in view of the general regularity of the
process of mitosis.

(c) That deciduousness and persist-
ency are not necessarily inheritable
variations.

(d) That a reasonable explanation
of the phenomena in question is that of
increased variability in an already
variable character due to the complex
hybrid nature of the varieties in
question.

New Publication Devoted to Mental Hygiene

The National Committee for Mental
Hygiene has undertaken the publica-
tion of a quarterly magazine of about
160 pages, with the title "Mental
Hygiene," the first number dated Janu-
ary, 1917. Its scope is announced as
follows:

' 'Mental Hygiene will present to a wide
circle of readers in as non-technical a
way as possible articles on the practical
management of mental problems in all
relations of life. Today, as never
before, attention is being directed to
mental factors in the problems of the
individual and of society. These fac-
tors are of paramount importance in the
study and practical management of
delinquency, crime and inebriety. We
no longer ignore the fact that education
must meet the needs of children who
present special difficulties of adaptation.
The widespread determination to control
feeblemindedness raises questions of

economics, law, and medicine which
demand the most thoughtful considera-
tion. New ideals in the care and treat-
ment of those suffering from mental
disorders are imposing new obligations
upon the public authorities. The recog-
nition of preventable causes of mental
diseases challenges us to seek in the
field of mental hygiene victories com-
parable to those achieved in general
hygiene and sanitation.

"Mental Hygiene will bring depend-
able information and a new inspiration
to every one whose interest or whose
work brings him into contact with
problems of this kind. No other peri-
odical exists for the express purpose of
serving these ends. Of interest to all
thoughtful readers, to physicians, law-
yers, educators, clergymen, public of-
ficials, and students of social problems,
the magazine will be of especial
value.''

Material for Plant Breeders
Plant breeders will find a great deal

of valuable material described in the
Sixth Annual List of New Plant Intro-
ductions, which was issued this month
by the Office of Foreign Seed and Plant
Introduction, Bureau of Plant Industry,
U. S. Department of Agriculture, Wash-
ington, D. C. More than 500 species
and varieties of plants, most of them
of economic importance or relatives of
economic plants, are listed. Seeds or

rooted plants can be supplied to those
who are interested either in breeding
new forms or in testing new introduc-
tions. It will be necessary, however,
to apply at once, since the amount of
material available is in many cases
limited, and none is carried over from
season to season. All those who are
interested in new plants and have
room to grow them should write for
this list.
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